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(54) SEPARATION ADJUSTING CIRCUIT

(57) A current amount of a current that flows in the
transistor (23) of a current mirror circuit that retrieves an
L-R component signal from a stereo composite signal is
adjusted based on a control signal that is generated by
the control circuit (25).
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Description

Technical Field

[0001] The present invention relates to a separation
adjustment circuit for increasing the separation degree
between a right signal and a left signal in a stereo re-
ceiver.

Background Art

[0002] Fig. 1 shows a conventional stereo receiver.
[0003] As shown in Fig. 1, a stereo receiver 70 com-
prises an antenna 71, a front end part 72 for implement-
ing a synchronization processing and a frequency con-
version processing, etc., an F.M. detection part 73 out-
putting the composite signal including an L (left signal)
+R (right signal) component signal, an L-R component
signal and a pilot signal (signal for determining a stereo
signal), a stereo demodulation circuit 74 demodulating
the composite signal into a stereo right signal and a ster-
eo left signal and a separation adjustment circuit 75 that
is provided at the former stage of the stereo demodula-
tion circuit 74 and adjusts the intensity ratio between an
L+R component signal and an L-R component signal in
order to increase the separation degree (separation) be-
tween stereo signals.
[0004] The separation adjustment circuit 75 compris-
es a capacitor 76 for cutting a direct current component,
a capacitor 77, a variable resistance 78, a resistance
79, a buffer amplifier 80 anda resistance 81. This circuit
adjusts the intensity of the L+R component signal by
changing a resistance value of the variable resistance
78. Meanwhile, the capacitors 76 and 77, the variable
resistance 78 and the resistance 79 are external com-
ponents that are not configured on an IC chip.
[0005] The intensity of the L+R component signal that
is outputted from the F.M. detection part 73 receives the
influence of the variable resistance 78 and the resist-
ances 79 and 81. The intensity of the L-R component
signal, however, hardly receives the influence of the var-
iable resistance 78 and it receives only the influences
of the resistances 79 and 81.
[0006] That is, the following equations are satisfied.
[0007] Intensity of L+R component6resistance value
of resistance 81/(resistance value of variable resistance
78 + resistance value of resistance 79)
[0008] Intensity of L-R component6 resistance value
of resistance 81 /resistance value of resistance 79
[0009] A frequency band of the L-R component signal
is obtained by centering the frequency of 38kHz. In the
case where the L-R component signal passes through
the variable resistance 78, the impedance of the capac-
itor 77 is small and this signal passes through the ca-
pacitor 77 without receiving much influence of the vari-
able resistance 78. On the other hand, in the case of the
L+R component, the impedance of the capacitor 77 is
large and the intensity (signal level) changes according

to the resistance value of the variable resistance 78.
[0010] By changing the resistance value of the varia-
ble resistance 78 in this way, the intensity of the L+R
component signal canbe changed. Therefore, the inten-
sity ratio between the L+R component signal and the
L-R component signal can be adequately adjusted so
that it becomes possible to increase the separation de-
gree between stereo signals.
[0011] In the conventional stereo receiver 70, howev-
er, there is a problem such that many components such
as the capacitor 77, the variable resistance 78, etc. are
mounted on an IC chip and the cost for mounting the
external components increases.
[0012] Furthermore, there is another problem such
that the mounting area of a printed board increases as
the number of external components increases when the
stereo receiver 70 is mounted on a printed board.
[0013] In addition, it is conceivable that the variable
resistance 78 includes, for example, a trimmer resist-
ance, etc. In the production line or the adjustment line
of the stereo receiver 70, the resistance value is adjust-
ed by adjusting the trimmer resistance using a driver. In
this way, the adjustment of the resistance value of the
variable resistance 78 is carried out by an adjustment
operator so that the adjustment cannot work well. There-
fore, it sometimes takes a long time to implement this
adjustment.
[0014] Thereupon, the object of the present invention
is to offer a separation adjustment circuit where a few
external components are mounted and the intensity ra-
tio between composite signals can be easily adjusted,
in consideration of the above-mentioned problems.

Disclosure of Invention

[0015] In the present invention for solving the above-
mentioned problems, the following configuration is
adopted.
[0016] That is, a separation adjustment circuit for ad-
justing an intensity ratio between a sum signal and a
difference signal in a stereo composite signal and for
increasing a separation degree between a stereo right
signal and a stereo left signal, comprises a sum signal
retrieving unit retrieving a sum signal from the stereo
composite signal; a difference signal retrieving unit re-
trieving a difference signal from the stereo composite
signal; a mixing unit mixing the sum signal and the dif-
ference signal, thereby obtaining a stereo right signal
and a stereo left signal; a first adjustment unit adjusting
a current amount that flows in the sum signal retrieving
unit or the difference signal retrieving unit and adjusting
an intensity of the sum signal or an intensity of the dif-
ference signal; and a generation unit generating a con-
trol signal for controlling an adjustment operation of the
first adjustment unit.
[0017] The sum signal is a signal that shows an L+R
component signal obtained by adding the stereo right
signal and the stereo left signal. The difference signal is
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a signal showing an L-R component signal that is the
difference between the stereo right signal and the stereo
left signal.
[0018] The sum signal retrieving unit is, for example,
a current mirror circuit for retrieving a sum signal from
the stereo composite signal that is inputted into a differ-
ential amplifier. Similarly, the difference signal retrieving
unit is, for example, a current mirror circuit for retrieving
a difference signal from the stereo composite signal.
[0019] The mixing unit is, for example, a mixer circuit
for mixing the sum signal and the difference signal,
thereby obtaining a stereo right signal and a stereo left
signal. A stereo demodulation function is implemented
by the sum signal retrieving unit, the difference signal
retrieving unit and the mixing unit.
[0020] The first adjustment unit is, for example, a tran-
sistor on the output side for configuring the current mir-
ror circuit. An intensity of the sum signal or the difference
signal is adjusted by adjusting the current amount of a
transistor on the side of this output so that the separation
degree between a stereo right signal and a stereo left
signal can be increased. In this way, the number of ex-
ternal components for adjusting an intensity of the sum
signal or the difference signal, which are required for the
conventional stereo receiver can be decreased. There-
fore, it becomes possible to decrease the mounting area
of a printed board.
[0021] Since the operation of the first adjustment unit
is controlled based on the control signal generated by
the generation unit, the intensity of the sum signal or the
difference signal can be easily adjusted and the sepa-
ration degree between a stereo right signal and a stereo
left signal can be increased, without a manual operation.
[0022] In the separation adjustment circuit, the first
adjustment unit comprises a plurality of transistors and
a selection unit selecting the transistors based on the
control signal. This first adjustment unit may adjust an
intensity of the sum signal or the difference signal based
on the total current amount of the transistors that are
selected by the selection unit.
[0023] The selection unit is, for example, a switch and
this switch is connected to each transistor. By adjusting
a current amount that flows in the current mirror circuit
by controlling an ON operation or OFF operation of the
switch on the basis of the control signal, the switch can
adjust the intensity ratio between a sum signal and a
difference signal. Therefore, it becomes possible to in-
crease the separation degree between a stereo right
signal and a stereo left signal.
[0024] The separation adjustment circuit comprises a
resistance that is connected to an output stage of the
separation adjustment circuit and a second adjustment
unit being connected to the resistance in parallel and
adjusting a current amount flowing in the resistance.
The second adjustment unit may adjust a current
amount based on a current amount adjusted by the first
adjustment unit.
[0025] Thus, the DC bias at an output of the separa-

tion adjustment circuit can be also adjusted in the first
adjustment unit according to the intensity adjustment of
the sum signal or the difference signal. Therefore, it be-
comes possible to set this DC bias to a predetermined
DC bias that does not distort an output signal.
[0026] Additionally, the separation adjustment circuit
is configured in such a way that the control signal is gen-
erated based on the separation degree between a ster-
eo right signal and a stereo left signal that are outputted
from the separation adjustment circuit.
[0027] Thus, it becomes possible to increase the reli-
ability of the control signal.

Brief Description of the Drawings

[0028] The present invention is further clarified if both
the detailed explanation that is described later and the
attachment drawings are referred to.

Fig. 1 shows a conventional stereo receiver;
Fig. 2 shows a stereo receiver that is a preferred
embodiment of the present invention;
Fig. 3 shows the circuit configuration of a separation
adjustment circuit;
Fig. 4 shows the concrete examples of a current
mirror circuit of a broken-line part C of Fig. 3;
Fig. 5 shows the configuration of the separation ad-
justment circuits of another preferred embodiment;
and
Fig. 6 shows the configuration of the separation ad-
justment circuits of still another preferred embodi-
ment.

Best Mode for Carrying Out the Invention

[0029] The following is the detailed explanation of the
present invention in reference to the drawings.
[0030] Fig. 2 shows the stereo receiver that is a pre-
ferred embodiment of the present invention.
[0031] As shown in Fig. 2, a stereo receiver 10 com-
prises an antenna 11, a front end part 12 for implement-
ing a synchronization processing and a frequency con-
version processing, etc., an F.M. detection part 13 out-
putting the composite signal including anL (left signal)
+R (right signal) component signal, an L-R component
signal and a pilot signal (signal for determining a stereo
signal) and a separation adjustment circuit 14 having
both a stereo demodulation function of demodulating
the composite signal into a stereo right signal and a ster-
eo left signal and a separation adjustment function of
adjusting the intensity ratio between the L+R compo-
nent signal and the L-R component signal in order to
increase the separation degree (separation) between
the stereo signals.
[0032] At the former stage of the separation adjust-
ment circuit 14, a resistance 15 for supplying a reference
voltage in order to adjust the DC bias of a reception sig-
nal, a buffer amplifier 16 and a capacitor 17 for cutting
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a direct current component as an external component,
are provided.
[0033] Next, the separation adjustment circuit 14 is
explained in detail.
[0034] Fig. 3 shows the circuit configuration of the
separation adjustment circuit 14.
[0035] At first, a composite signal and a DC reference
voltage are inputted into a differential amplifier that in-
cludes a P channel MOS transistor 20. Then, the com-
posite signal that is inputted into the differential amplifier
is distributed to a broken line frame A and a broken line
frame B by the current mirror circuit (sum signal retriev-
ing unit) that includes N channel MOS transistors 21 and
22 and another current mirror circuit (difference signal
retrieving unit) that includes transistors 21 and 23. A sig-
nal that is distributed to the broken line part A expresses
an L+R component signal while a signal that is distrib-
uted to the broken line part B shows an L-R component
signal. The L-R component signal is inputted into the
mixer circuit (mixing unit) including a transistor 24 and
then a 38kHz component signal is removed. And, in the
mixer circuit, an L-R component signal obtained by re-
moving the 38kHz component signal and an L+R com-
ponent signal are mixed (sum or difference computa-
tion) so that a stereo right signal (R signal) and a stereo
left signal (L signal) are obtained.
[0036] Then, in the separation adjustment circuit 14
of the preferred embodiment, the current amount of a
current that flows in a current mirror circuit including the
transistors 21 and 23, that is, the transistor 23 (first ad-
justment unit) of the broken line part B is adjusted by a
control signal generated by the control circuit 25 (gen-
eration unit). By changing the current value that flows in
the transistor 23 in this way, the intensity of the L-R com-
ponent signal is adjusted so that the intensity ratio be-
tween the L+R component signal and the L-R compo-
nent signal can be adjusted. As a result, it becomes pos-
sible to increase the separation degree between the L
signal and the R signal.
[0037] The control signal that is generated by the con-
trol circuit 25 is the digital signal of an optional bit
number and this signal controls the ON operation or
OFF operation of a current amount adjustment switch
that is described later.
[0038] Fig. 4 shows the concrete example of a current
mirror circuit of the broken line part C of Fig. 3. Mean-
while, it is assumed that a current mirror circuit including
the transistors 21 and 23 outside the broken line part C
has also the same configuration. Furthermore, the same
control signal is supplied to two transistors 23 0 from the
control circuit 25 and they function in the same way.
[0039] A current mirror circuit 30 as show in Fig. 4A
includes a plurality of transistors 23 (23-1, 23-2, ... ,
23-n) and a switch 31 (selection unit) that is connected
to a drain of each transistor 23. The ON operation or the
OFF operation of each switch 31 is controlled based on
a control signal that is outputted from the control circuit
25. Meanwhile, the switch 31 includes a semiconductor

switching element.
[0040] According to the selected switch 31, the cur-
rent value of the current that flows in the current mirror
circuit 30 changes and the intensity of the L-R compo-
nent signal is adjusted. In other words, as the number
of the switches 31 that become ON increases, the cur-
rent amount that flows in a contact point D increases.
Accordingly, the L-R component signal with a strong in-
tensity is inputted into the mixer circuit. When the
number of the switches 31 is small, on the contrary, the
current amount that flows in the contact point D decreas-
es and the L-R component signal with a weak intensity
is inputted into the mixer circuit. By adjusting the inten-
sity of the L-R component signal based on the number
of the switches 31 that are ON in this way, the intensity
ratio between the L+R component signal and the L-R
component signal can be adjusted. Therefore, it be-
comes possible to increase the separation degree be-
tween an L signal and an R signal.
[0041] A current mirror circuit 32 of another example
as shown in Fig. 4B includes a plurality of transistors 23
(23-1, 23-2, ... , 23-n) and the switch 31 that is connect-
ed to a gate of each transistor 23. The ON operation or
the OFF operation of each switch 31 is controlled based
on a control signal that is generated by the control circuit
25. Since the current value of a current that flows in the
current mirror circuit 32 changes according to the
number of the selected switches 31 in the same way as
in Fig. 4A. Therefore, the intensity of the L-R component
signal is adjusted in accordance with the change.
[0042] The control signal that is generated by the con-
trol circuit 25 is generated based on the separation de-
gree between the stereo right signal and the stereo left
signal that are outputted. That is, for example, in the
case where a separation degree between the stereo
right signal and the stereo left signal is low and an in-
tensity of the L-R component signal is higher than the
intensity of the L+R component signal, the control circuit
25 generates a control signal for decreasing the number
of the switches 31 that are ON. Furthermore, the number
of the switches 31 at this time is adjusted in such a way
that the intensity of the L+R component signal becomes
the same as the intensity of the L-R component signal.
In this way, the current amount that flows in a mixer cir-
cuit is decreased and the intensity of the L+R compo-
nent signal becomes the same as the intensity of the
L-R component signal. Therefore, it becomes possible
to increase the separation degree between the stereo
right signal and the stereo left signal.
[0043] Furthermore, it is possible to change the size
of each transistor 23 of the current mirror circuits 30 or
32 and to optionally select the transistor 23 using the
switch 31. By changing each size of the transistor 23 of
the current mirror circuit 30 or 32 in this way, it becomes
possible to set to an optional value, the current amount
of the current that flows in the current mirror circuit of
the broken-line part C, according to the combination of
the selected transistors 23.
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[0044] The following is the explanation of the config-
uration of the separation adjustment circuit in another
preferred embodiment. The separation adjustment cir-
cuit 14 is configured to change the current amount of an
L-R component for separation adjustment. By changing
the current amount of this L-R component, the DC bias
component of the L signal and the R signal that are out-
put signals sometimes change. For example, in the case
where the current amount of the L-R component signal
is adjusted to be increased, the DC bias of the L signal
and the R signal that are outputted from the separation
adjustment circuit 14 increases. Accordingly, distortion
sometimes occurs on the L signal and the R signal.
[0045] Fig.5 shows a separation adjustment circuit for
not generating distortion on the outputted L signal and
R signal. In Fig. 5, the same constituent elements as
those shown in Fig. 3 indicate the same articles so that
the explanations are omitted.
[0046] In a separation adjustment circuit 40 shown in
Fig. 5, a current mirror circuit that includes a transistor
41 is connected to an output part of the separation ad-
justment circuit 14 of Fig. 3 and both a resistance 42
and a fixed current source 43 (second adjustment unit)
that is connected to the resistance 42 in parallel are con-
nected to the output stage of this current mirror circuit.
In addition, the other terminal of the resistance 42 and
that of the current source 43 are connected to ground.
[0047] The current amount of the fixed current source
43 is changed by the control signal of the control circuit
25 based on the intensity of an L-R component signal
and the changed current amount is adjusted to a prede-
termined DC bias in such a way that the output signal
does not generate distortion.
[0048] By changing the current amount of the fixed
current source 43 based on the intensity of the L-R com-
ponent signal in this way, the current amount of a current
that flows in the resistance 42 can be changed. There-
fore, for example, even if the current amount is adjusted
to increase the intensity of the L-R component signal,
the output can be suppressed not to exceed the fixed
DC bias and the distortion of an output signal can be
avoided.
[0049] In the changing method of a current amount of
the fixed current source 43, it is possible that the current
that flows in the resistance 42 is adjusted by connecting
a fixed current source on a drain side of the transistor
23 and by selecting the transistor 23 using the switch
31, in a current mirror circuit which includes the transis-
tor 21, a plurality of the transistors 23 and the switch 31
that is connected to each transistor 23 as shown in Fig.
4. In other words, a method of changing a current
amount by connecting the fixed current source 43 to the
current mirror circuit which includes a plurality of tran-
sistors and by selecting the number of the transistors on
the output side using the switch, etc. is conceivable.
[0050] Meanwhile, the resistance 42 and the fixed
current source 43 provided at the output stage of the
separation adjustment circuit 40 as shown in Fig.

5maybe configured not to be connected to the current
mirror circuit.
[0051] Fig. 6 shows a separation adjustment circuit
configured in such a way that it adjusts the current
amount of an output stage without being connected to
the current mirror circuit.
[0052] As shown in Fig. 6, the resistance 42 and the
fixed current source 43 that is connected to the resist-
ance 42 in parallel are connected to the output stage of
the separation adjustment circuit 50. The other terminal
of the resistance 42 and that of the fixed current source
43 are connected to a power source (VDD). The current
value that flows in the fixed current source 43 is changed
on the basis of the control signal that is outputted from
the control circuit 25 in the same way as in Fig. 5.
[0053] Even if the separation adjustment circuit is
configured to adjust the current amount that flows in the
resistance 42 at the output stage without being connect-
ed to the current mirror circuit, the DC bias of an output
signal can be controlled at a predetermined value.
[0054] Furthermore, a variable resistance maybe pro-
vided instead of the transistor 23 of the separation ad-
justment circuit 14 of Fig. 3.
[0055] Both the stereo demodulation function of im-
plementing the sum or difference computation between
the L-R component signal from which the 38kHz com-
ponent signal is removed and the L+R component signal
and the separation adjustment function of adjusting the
intensity ratio between the L-R component signal and
the L+R component signal can be realized by adjusting
the bias current (current amount of the current mirror
circuit) of a mixer circuit having the stereo demodulation
function.
[0056] Since the number of the external components
such as a capacitor 77 that is indispensable for a con-
ventional stereo receiver 70 can be decreased, it be-
comes possible to decrease the mounting area of a
printed board.
[0057] In addition, it becomes possible to increase the
separation degree between a right signal and a left sig-
nal without manual operations, which is realized by an
electric control based on the control signal that is gen-
erated by the generation unit.
[0058] Furthermore, a variable resistance 78, etc. that
are required at the conventional stereo receiver 70 in
Fig. 1 can be omitted using the separation adjustment
circuit of the preferred embodiment of the present inven-
tion so that a reception signal does not receive the in-
fluence of the impedance based on the resistance.
Therefore, it becomes possible to decrease the capacity
of a capacitor 76 for cutting the DC component of the
reception signal. In this way, the capacitor 76 for cutting
a DC component (capacitor 17 in the preferred embod-
iment of the present invention) having a small capacity,
in other words, the capacitor having a small size can be
mounted. Accordingly, it becomes possible to further de-
crease the mounting area of a printed board.
[0059] Additionally, the above-mentioned separation
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adjustment circuit is configured to adjust the current
amount of the L-R component but this circuit may be
also configured to adjust the current amount of the L+R
component.
[0060] According to the separation adjustment circuit
of the present invention, the current amount that flows
in the retrieving unit used when a sum signal or a differ-
ence signal is retrieved from a stereo composite signal
is adjusted based on the control signal generated by the
generation unit so that these configurations can be re-
alized on an IC chip, etc. Therefore, the number of the
external components for the separation adjustment that
are required in a conventional stereo receiver can be
decreased and accordingly the mounting area of a print-
ed board can be also decreased.
[0061] Furthermore, since the intensity ratio between
a sum signal and a difference signal are adjusted on the
basis of the control signal that is generated by the gen-
eration unit, it becomes possible to increase the sepa-
ration degree between a right signal and a left signal
without manual operations.

Claims

1. A separation adjustment circuit for adjusting an in-
tensity ratio between a sum signal and a difference
signal in a stereo composite signal and for increas-
ing a separation degree between a stereo right sig-
nal and a stereo left signal, comprising:

a sum signal retrieving unit retrieving a sum sig-
nal from the composite signal;
a difference signal retrieving unit retrieving a
difference signal from the stereo composite sig-
nal;
a mixing unit mixing the sum signal and the dif-
ference signal, thereby obtaining a stereo right
signal and a stereo left signal;
a first adjustment unit adjusting a current
amount that flows in the sum signal retrieving
unit or the difference signal retrieving unit and
adjusting an intensity of the sum signal or an
intensity of the difference signal; and
a generation unit generating a control signal for
controlling an adjustment operation of the first
adjustment unit.

2. The separation adjustment circuit according to
claim 1; wherein

the first adjustment unit comprises a plurality
of transistors and a selection unit selecting the plu-
rality of transistors based on the control signal, and
it adjusts an intensity of the sum signal or an inten-
sity of the difference signal based on a total current
amount of the transistors selected by the selection
unit.

3. The separation adjustment circuit according to
claim 1, further comprising:

a resistance that is connected to an output
stage of the separation adjustment circuit; and
a second adjustment unit being connected to
the resistance in parallel and adjusting a cur-
rent amount flowing in the resistance, wherein
the second adjustment unit adjusts a current
amount that flows in the resistance based on a
current amount adjusted by the first adjustment
unit.

4. The separation adjustment circuit according to
claim 1, wherein

the control signal is generated based on a
separation degree between a stereo right signal
and a stereo left signal that are outputted from the
separation adjustment circuit.
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